COTTON

Variability in Cotton Fiber Yield, Fiber Quality, and Soil Properties in a Southeastern
Coastal Plain

Richard M. Johnson,* Robert G. Downer, Judith M. Bradow, Philip J. Bauer, and E. John Sadler

ABSTRACT

To maximize profitability, cotton (Gossypium hirsutum L.) produc-
ers must attempt to control the quality of the crop while maximizing
yield. The objective of this research was to measure the intrinsic
variability present in cotton fiber yield and quality. The 0.5-ha experi-
mental site was located in a producer’s field (Norfolk—Coxville soil
association) in Florence, SC, for 2 yr (1996 and 1997). Soil (0-20 cm)
and fiber samples (1-m row) were collected from a regular grid (129.2
by 45.6 m, 7.6-m interval). Soil properties determined included soil
moisture, soil texture, organic matter, pH, Ca, Mg, K, P, and Na. Fiber
quality was estimated by the high-volume instrumentation method and
the Advanced Fiber Information System. Fiber strength and elonga-
tion were also estimated by the stelometer procedure. All fiber and
soils data were analyzed by both nonspatial statistics and geostatistical
techniques. Distinct patterns of spatial correlation were observed in
soils and fiber yield. These patterns were not equally evident in all fiber
properties. Soil pH, soil P, and soil organic matter were correlated with
fiber yield and a number of fiber properties, including micronAFIS,
immature fiber fraction, fine fiber fraction, cross-sectional area, and
micronaire. Factor analysis of soil properties identified four factors
in 1996 and three in 1997. In both years, a Carolina bay factor and
an exchangeable bases factor were obtained. These factors were not
successfully related to fiber yield and quality. Kriged contour maps
of soil properties provided useful indicators of fiber yield and qual-
ity variation.

PRECISION AGRICULTURE is an information- and tech-
nology-based agricultural management system that
identifies, analyzes, and manages site spatial and tempo-
ral variability within fields for optimum profitability,
sustainability, and protection of the environment (Rob-
ert et al., 1995, 1996). Recent developments in cotton
yield-sensing technology (Wilkerson and Hart, 1996)
and soil-fertility mapping (Valco et al., 1998) indicate
that precision agriculture systems show potential for
widespread use in cotton production. In addition, sev-
eral studies have demonstrated that the spatial variabil-
ity of cotton yield and fiber quality is sufficient to justify
site-specific management. In a study performed in Winns-
boro, LA (Johnson et al., 1999), the authors found that
cotton yield and all fiber quality properties measured,
with the exception of short-fiber content, displayed spa-
tial correlation. They also noted that fiber yield was
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correlated with soil organic matter, B, Cu, Fe, Mn, and
Zn. Fiber quality was correlated with soil Mg, K, Cu,
and As. Elms et al. (1997) reported that yield in an
irrigated cotton field in Texas displayed spatial correla-
tion. These authors also noted that production of fruit-
ing sites and fruit retention was spatially correlated.
Micronaire exhibited a moderate degree of spatial vari-
ability, and strength showed the lowest degree of vari-
ability.

Several recent publications have attempted to quan-
tify the extent of soil spatial variability present in soils
of the Southeastern Coastal Plains. Sadler et al. (1995)
attempted to relate crop yield variations to soil map
unit but found that intramap unit variance was almost
as large as intermap unit variance. This variation was
not successfully explained using statistical regression
methods or mechanistic modeling. Geostatistical tech-
niques provided a better description of the high- and
low-yield regions, but year-to-year variation obscured
some of the underlying trends. This problem was ad-
dressed by normalizing yield before the kriging proce-
dure. Sadler et al. (1998) reported that crop yields in
Southeastern Coastal Plain soil were correlated with
soil map unit, but the relation was weak at best. Crop
yields also displayed spatial correlation with a range
varying from 57 to 252 m. However, it was noted that
significant variation occurred at distances as short as
10 m, suggesting that a modification of current soil-
and plant-sampling schemes might prove necessary and
more appropriate for precision agriculture applications.

Precision agriculture offers cotton producers a man-
agement strategy that could help to control production
inputs so that return is maximized. Although absolute
quantities of crop inputs may not be decreased, the
reallocation of these inputs could result in better utiliza-
tion and decreased waste (Olson, 1998). The objective
of this study was to measure soil variability in relation
to both cotton fiber yield and quality in a field under
typical commercial crop management.

MATERIALS AND METHODS

Soils

A field experiment conducted in a producer’s field in Flor-
ence, SC, investigated the influence of soil spatial variability

Abbreviations: AFIS, Advanced Fiber Information System; A(n), fi-
ber cross-sectional area by number; CEC, cation exchange capacity;
CV, coefficient of variation; FFF, fine-fiber fraction; Hunter’s +b,
yellowness; HVI, High-Volume Instrumentation; IFF, immature fiber
fraction; L(hvi), fiber length as determined by high-volume instrumen-
tation; L(n), fiber length by number; L(w), fiber length by weight;
Rd, reflectance; SFC(n), short fiber content by number; SFC(w), short
fiber content by weight.
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on the variability of cotton ‘LA 887, fiber yield and quality.
Several soil types of the Norfolk—Coxville soil association were
present in the experimental site. These soils included a Marl-
boro sandy loam (fine, kaolinitic, thermic Typic Paleudults),
a Coxville fine sandy loam (fine, kaolinitic, thermic Typic
Paleaquults), and Norfolk fine sandy loam (fine-loamy, kaolin-
itic, thermic Typic Kandiudults). Soil samples (0-20 cm) and
seed cotton (1-m row) were collected from a regular grid
(129.2 by 45.6 m, 7.6-m interval). A total of 102 grid points
were sampled in 1996 and 101 in 1997 (one missing sample).
The grid location was chosen to include a Carolina bay land-
form to achieve a representative range in soil and fiber vari-
ability. The predominant soil in the Carolina bay was a Cox-
ville fine sandy loam, and the Marlboro sandy loam was the
major soil type in the remaining section of the field. Soil
properties determined for both years included soil moisture,
organic matter, pH, Ca, Mg, K, P, Na, and cation exchange
capacity (CEC). Organic matter was determined by Walkley—
Black wet oxidation [Nelson and Sommers (1982)] and soil
pH by a 1:1 soil/water ratio in deionized water. Ions were
extracted with 1 M ammonium acetate, pH 7.0, and analyzed
by inductively coupled plasma spectroscopy (ICP). Soil texture
was determined on the 1996 samples by the pipette method
of Miller and Miller (1987).

Fiber

In October, seed cotton samples were collected, by hand,
from approximately 1 m of row centered on the grid points.
Seed cotton from small, immature bolls that would not be
harvested by commercial spindle pickers was not harvested.
Seed cotton was saw-ginned and weighed to determine yield.
The bulk fiber samples were then subsampled to determine
fiber quality. Several methods were employed to evaluate fiber
quality. The Zellweger Advanced Fiber Information System
(AFIS, Zellweger Uster, Knoxville, TN) was used on all sam-
ples, and the high-volume instrumentation (HVI) method and
stelometer procedure were used when the fiber sample weight
was =50 g. This decreased the total number of samples ana-
lyzed for the stelometer and HVI procedure to 85 in 1996 and
79 in 1997. Each procedure provides valuable insight into the
inherent fiber quality of a given sample. The HVI method is
the standard fiber quality classification method used by the
Agricultural Marketing Service to grade all commercially
grown cotton in the USA. The AFIS method is used primarily
by cotton researchers and provides several additional indices
of fiber maturity compared with the HVI method. It also has
the important advantage of requiring a smaller sample size.
Finally, the stelometer procedure is an additional index of
fiber bundle strength and elongation that is used by textile
processors. Fiber properties determined by the AFIS system
included fiber length by number [L(n)] and weight [L(w)],
short-fiber content (percentage distribution of fibers <12.5
mm) by weight [SFC(w)] and number [SFC(n)], diameter by
number, theta (circularity), immature fiber fraction (percent-
age distribution of theta < 0.25), cross-sectional area by num-
ber, fine-fiber fraction (FFF, percentage distribution of fiber
with cross-section < 60 pm?), micronAFIS (micronaire ana-
log), and perimeter. Properties determined by the HVI method
include micronaire, length, elongation, uniformity, strength,
leaf grade (a measure of leaf residue in the fiber), and color
as estimated by the degree of reflectance (Rd) and yellowness
(Hunter’s +b). Fiber strength and elongation percentage were
also determined by the stelometer method.

Data Analysis

Exploratory and descriptive analyses were performed using
conventional univariate statistics (SAS PROC UNIVARI-

ATE, SAS Inst., Cary, NC) and variogram analysis (SAS
PROC VARIOGRAM and GS+, Gamma Design Software,
Plainwell, MI). Before variogram analysis, 3D surface plots
were constructed for each variable (SAS PROC GRID, PROC
3D). This information was used to determine the strategy for
variogram analysis. When an obvious linear trend existed in
the variable, spatial data were detrended by fitting a plane
surface through each data set (SAS PROC REG), evaluating
the surface at each data point, and subtracting the surface
from the raw data (Sadler et al., 1998). Where linear trends
were apparent, the direction of the major trend variation ap-
peared to be on the longitudinal axis, with a maximum re-
sponse in the area of the predominant Carolina bay. Excep-
tions to this effect were observed for sand in 1996 and fiber
+bin 1997. For other variables, a bimodal effect was apparent
in the data, and it was not possible to fit a simple linear trend.
In this case, a decreased search neighborhood was utilized to
construct variograms by limiting the maximum lag distance
used in the analysis. It was the opinion of the authors that
this bimodal effect was caused by a change in soil type that
occurred in the longitudinal direction. Both of these proce-
dures were used to account for the apparent nonstationarity
present in the experimental site. An underlying assumption
of the sample variogram is that of a constant mean with the
covariance function dependent only on the distance separating
the points, not the direction (Kitanidis, 1997). The presence
of a trend in the data or the aforementioned bimodal behavior
would question these assumptions.

The soil and fiber data sets were combined for the 1996 and
1997 growing seasons, and correlation analysis was performed
(SAS PROC CORR) in an attempt to relate soil and fiber
properties. It was the authors’ opinion that combining the
data sets would allow for a more complete investigation of
the long-term relations between soil and fiber properties. Pear-
son’s correlation coefficients were determined for all soil and
fiber combinations. There was some concern as to the cross
correlation of soil properties. For this reason, an attempt was
made to use factor analysis to group the soil properties and
then relate them to fiber yield and quality. Principle-compo-
nent factor analysis, with an orthogonal varimax rotation, was
utilized to extract the factors. The factor analysis was per-
formed on the correlation matrix to eliminate the effect of
the soil properties’ different measuring units. The varimax
rotation redistributes the variance of each variable in an at-
tempt to have the variable load high on only one factor
(Brejda, 1998). In addition, contour plots were constructed of
selected soil and fiber properties using ordinary kriging
(Surfer, Golden Software, Golden, CO) and the previously
determined theoretical variograms. All plots included in the
study were subjected to variogram analysis with a decreased
search neighborhood and not detrended.

The influence of the Carolina bay on soil and fiber proper-
ties was investigated by categorizing all samples as to their
position in the field (within or outside of the Carolina bay).
The difference between these areas was then tested for signifi-
cance by the Wilcoxon test (SAS PROC NPARIWAY). This
is a nonparametric test that evaluates differences between
sample medians (Steel and Torrie, 1980). This approach was
used to address concerns related to the equality of variances
within and outside of the bay.

RESULTS AND DISCUSSION
Soil Properties
Univariate Statistics

Soil property data from the 1996 and 1997 growing
seasons is presented in Table 1. During the 1996 growing



JOHNSON ET AL.: VARIABILITY IN COTTON FIBER YIELD AND QUALITY 1307

Table 1. Univariate statistics for soil properties for 1996 and 1997 cotton field experiment, Florence, SC.

Soil property N Mean Median SD Ccv Skewness Kurtosis Norm.§
1996
Soil moisture, % 102 19.7 18.9 3.9 19.7 21 10.4 0.74#%%
P, mg kg™! 102 158.8 1114 116.8 73.6 1.0 —0.27 0.847%
Na, mg kg™! 102 5.9 5.8 1.9 31.7 0.40 -0.29 0.97*
K, mg kg™! 102 142.9 139.4 45.3 31.7 0.30 —0.84 0.97+*
Ca, mg kg™! 102 217.3 205.4 73.3 33.7 0.61 —0.22 0.96%*
Mg, mg kg~! 102 49.5 46.3 16.1 325 0.86 0.40 0,945
Soil pH 102 5.2 53 0.48 9.1 —0.33 —0.96 0,953
Organic matter, % 102 0.86 0.6 0.54 62.8 1.1 0.004 (.81
CEC#, cmol, kg™! 102 1.6 1.5 0.57 35.6 0.42 —0.58 0.97*
Sand, % 102 7.7 76.8 15.2 21.2 -1.25 0.36 0.827#7%
Silt, % 102 231 16.8 13.7 59.3 1.19 0.12 0.81 %%
Clay, % 102 52 4.0 3.6 68.5 0.65 0.39 0,93+
1997

Soil moisture, % 102 9.1 8.5 1.9 21.0 11 0.37 088+
P, mg kg! 102 161.8 109.5 119.3 73.7 1.1 —0.13 0.84#7%
Na, mg kg™' 102 6.3 6.1 1.9 30.6 0.82 1.01 0.95%:%
K, mg kg™! 102 145.4 140.6 45.0 31.0 0.37 —0.95 0,953
Ca, mg kg™! 102 2514 2429 78.8 31.3 11 2.39 0,933
Mg, mg kg ! 102 56.3 50.6 18.2 324 0.52 —0.63 0.95%*
Soil pH 102 5.0 51 0.53 10.6 —0.22 —0.57 0.96%*
Organic matter, % 102 0.82 0.54 0.50 61.5 1.3 0.37 0.807*
CEC, cmol, kg™! 102 21 2.0 0.60 284 0.55 —0.47 0.95%

* Significant at the 0.05 level.
*#* Significant at the 0.01 level.
*#* Significant at the 0.001 level.

F Shapiro-Wilkes statistic (W) for normal distribution. Significant W indicates that data is not normally distributed.

+ CEC, cation exchange capacity.

season, the majority of these properties exhibited a posi-
tive skew, with the mean greater than the median. Soil
pH exhibited a slight but measurable negative skew,
as did the percentage sand content. A relatively small
degree of kurtosis was exhibited by all properties, with
the greatest effect seen in the soil moisture data. The
coefficients of skewness and kurtosis values describe
the shape of the sample distribution. A positive skew
indicates asymmetry in the distribution, with the higher
data values tailing to the right, and a negative skew
represents lower values tailing left. Kurtosis describes
the relative size of the distribution’s tails. A positive
coefficient of kurtosis indicates that the distribution is
peaked, and a negative value indicates a relatively flat
distribution. Taken together, these values describe the
conformity of the data to a normal distribution. The
coefficients of variation (CVs) for the properties mea-
sured ranged from 9.1% for pH to almost 74% for soil
P (Table 1). The properties exhibiting the greatest vari-
ability included P, clay, organic matter, and silt contents.
All soil properties investigated exhibited non-normal
distributions.

During the 1997 growing season, a similar effect was
observed in the soil data, with all properties exhibiting
a positive skew, except for soil pH, which again exhib-
ited a slight but measurable negative skew. There was
no pronounced degree of kurtosis observed for any of
the measured soil properties. The CVs for the 1997 data
set were very similar to the 1996 data set, with the co-
efficients varying from 10% for soil pH to almost 74%
for soil P (Table 1). The properties that exhibited the
greatest variability were also similar. As in 1996, all
soil properties exhibited non-normal distributions. The
degree of variability observed in the soil properties sug-
gests that a site-specific management strategy would
prove beneficial for this location.

Spatial Variability

The spatial correlation present in the soil data will be
summarized using variograms. The variogram measures
the average dissimilarity between data points separated
by a given distance (Goovaerts, 1997). The graphical
variogram provides a summary of measured spatial
structure of a given property within the experimental
location. The experimental variogram, which is com-
puted from the data, is usually described or fit to a
theoretical variogram model (Kitanidis, 1997). Impor-
tant features of the variogram include the range, sill,
and nugget. The range is the maximum distance at which
spatial correlation is observed. This is the distance at
which the variogram plot exhibits a plateau. The sill is
the value that corresponds to the range distance (or
plateau). The variogram exhibits a nugget effect if a
discontinuity (from zero) is present at the origin (Isaaks
and Srivastava, 1989). Sampling error and short-scale
variability often cause these measurable deviations. The
lower the variogram values are for distance lags less
than the range, the stronger the spatial correlation.

All soil properties, except soil moisture in 1996, dis-
played spatial correlation at some distances. After ex-
amination of the preliminary variograms, it was appar-
ent that several of the properties required detrending
(the mean varied along the x or y gradient). This was
indicated by a variogram that did not exhibit a sill (i.e.,
continued to increase with distance). The properties that
required detrending included soil P, soil organic matter,
sand content, and silt content (Table 2). After the de-
trending process, the variograms for these properties
showed more conventional spatial structure with distinct
sills and ranges of spatial correlation. For variables not
exhibiting a trend, a separate evaluation of the range
of spatial correlation was required. For several of these
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Table 2. Soil semivariance parameters for 1996 and 1997 cotton field experiment, Florence, SC.

Property Pretreat Maxlag Model§ Sill Range Nugget r
m m
1996

Soil moisture, % NS - - - - -

P, mg kg™’ D 80 S 8690 68.6 10.0 0.968
Na, mg kg ! ND 100 E 4.019 79.8 2.009 0.878
K, mg kg™! ND 50 S 2595 41.7 1.00 0.979
Ca, mg kg™! ND 50 S 7178 41.6 10.00 0.994
Mg, mg kg™ ND 50 S 345.7 42.2 5.00 0.998
Soil pH ND 100 S 0.347 99.0 0.002 0.996
Organic matter, % D 80 S 0.1818 52.3 0.0004 0.997
CECY, ecmol, kg™! ND 50 S 0.378 33.0 0.011 0.998
Sand, % D 50 S 100.01 44.3 0.10 0.990
Silt, % D 50 S 78.51 45.9 0.10 0.992
Clay, % ND 50 S 14.84 37.0 1.72 0.993

1997

Soil moisture, % D 80 S 2.108 36.8 0.106 0.955
P, mg kg™! D 80 S 8285 67.0 10.0 0.964
Na, mg kg™! ND 50 S 4.42 46.6 1.654 0.994
K, mg kg™! ND 50 S 2732 39.9 1.00 0.961
Ca, mg kg! ND 50 S 7599 33.8 510.0 0.984
Mg, mg kg™! ND 50 S 404.9 34.5 1.00 0.995
Soil pH ND 100 S 0.412 83.2 0.021 0.990
Organic matter, % D 80 S 0.1322 522 0.0001 0.971
CEC, cmol. kg™! ND 50 S 0.461 35.4 0.001 0.987

T Data set pretreatment: D = data set detrended by fitting plane surface, subtracting trend, and performing variogram analysis on residuals; ND = not

detrended; NS = not spatially correlated.
+ Maximum lag distance used in variogram fitting.
§ Proposed theoretical variogram model: E = exponential; S = spherical.
1l CEC, cation exchange capacity.

properties, a bimodal variogram was obtained in the
preliminary analysis. This effect was attributed to the
contrasting soil types surrounding the Carolina bay
landform present in the experimental site. It might have
been possible to model this variogram with a hole effect
model, a type of model that introduces a pseudo-period-
icity to the covariance function and that has been used
in hydrology (Kitanidis, 1997). Instead, a more direct
strategy was adopted. The maximum lag distance (be-
yond which pairs of points were not included) for the
empirical variogram was reduced; hence, the hole effect
was eliminated. This procedure also circumvented diffi-
culties associated with nonstationarity of the means
from the various areas within the experimental site, a
problem discussed in the Methods section.

All of the soil properties investigated were described
with the spherical variogram model, with the exception
of soil Na in 1996, which was described by the exponen-
tial model (Table 2; Fig. 1). It should be noted that the
range parameter reported for the exponential model is,
in fact, an effective range. This is equal to the distance
at which 95% of the sill is achieved and is estimated
as three times the fitted range parameter (Robertson,
1998). The ranges of spatial correlation in 1996 varied
from 33 m for CEC to 99 m for soil pH. Similar results
were obtained for 1997, with ranges extending from
34 m for soil Ca to 83 m for soil pH. The soil basic cations
Ca, Mg, and K exhibited a similar spatial response in
both 1996 and 1997, with ranges of spatial correlation
from 34 to 42 m. These responses were also observed
for CEC (which is the sum of basic cations) and soil
texture. The variograms for these properties exhibited
the bimodal behavior discussed earlier. It is postulated
that this effect is related to the varying soil types sur-
rounding the Carolina bay landform. The soils within

the bay are finer textured, with greater silt contents,
than those immediately surrounding the bay where the
soils are coarser in texture. At greater distances, the
soils become finer once again. This variation in soil
texture is also related to concurrent increases in soil
organic matter and soil nutrient content. The range of
spatial correlation for soil organic matter in both 1996
and 1997 was approximately 52 m. Soil P and Na had
slightly larger ranges, with values of 69 and 80 m in 1996
and 67 and 47 m in 1997, respectively. Finally, soil pH
exhibited the greatest range of spatial correlation in
both years, with values of 99 and 83 m, respectively.

Fiber Properties
Univariate Statistics

Fiber yield and quality data from the 1996 and 1997
growing seasons are presented in Tables 3 and 4, respec-
tively. In 1996, the cotton yield data exhibited a very
slight positive skew, with the mean in good agreement
with the median (Table 3), and possessed a normal dis-
tribution. The CV, however, was significant (52.3%),
reflecting the large range in the data. The majority of
fiber properties were normally distributed, with the
means in good agreement with the medians and with
relatively low skewness and kurtosis values. Exceptions
included FFF, fiber +b, and elongation by stelometer
and HVI. The CVs for measured fiber properties ranged
from 1.7% for fiber uniformity to 20.1% for FFF
(Table 3). The properties with the highest variability
were FFF, immature fiber fraction (IFF), SFC(w), mi-
cronAFIS, and micronaire, with CVs of 20.1, 14.8, 10.9,
10.2, and 9.2%, respectively.

The yield data for the 1997 growing season were
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Fig. 1. Variograms for (a) soil clay content (%) in 1996, (b) soil Mg (mg kg ") in 1997, (c) soil organic matter (%) in 1996, and (d) soil P (mg

kg ") in 1996.

slightly lower than the results from the previous year
(Table 4). The data again showed a small positive skew,
with the mean close to the median and a normal distribu-
tion. The CV (43.0%), although reduced from 1996, was
still significant. As in the 1996 data, the majority of 1997
fiber properties were normally distributed, with close

agreement between mean and median and small skew-
ness and kurtosis values. Exceptions were for L(n), fiber
length as determined by HVI [L(hvi)], uniformity, Rd,
and elongation by stelometer and HVI. The CVs for
the fiber properties were also similar to those obtained
for the 1996 growing season, with CV values ranging

Table 3. Univariate statistics for fiber properties for 1996 cotton field experiment, Florence, SC.

Fiber propertyf n Mean Median SD Cv Skew Kurtosis Norm.}
Yield, kg ha™! 102 851.8 853.3 445.3 523 0.35 —0.16 0.98 ™
L(w), mm 102 23.5 234 0.67 2.8 0.24 —0.03 0.98 ™
SFC(w), % 102 8.9 8.8 0.97 10.9 0.19 —0.005 0.99 ™
L(n), mm 102 19.7 19.6 0.60 31 0.20 —0.01 0.98 ™
SFC(n), % 102 231 229 1.9 8.3 —0.08 —0.30 0.99 ™
D(n), pm 102 133 133 0.62 4.7 -0.22 0.21 0.99 ™
Theta 102 0.46 0.46 0.02 4.8 —0.15 0.05 0.98 ™
IFF, % 102 14.5 14.4 2.2 14.8 0.37 —0.08 0.98 ™
A(n), pm? 102 106.8 107.0 6.7 6.3 —0.11 0.007 0.99 ™
FFF, % 102 18.2 17.8 3.7 20.1 0.80 0.53 0.95%*
MicronAFIS 102 3.8 3.8 0.39 10.2 0.01 0.09 0.99 ™
Perimeter, pm 102 53.9 53.9 0.98 1.8 0.02 114 0.98 ™
Strength (stlmtr), KN m kg! 85 255.8 257.0 11.34 44 0.08 —0.29 0.98 ™
Elongation (stlmtr), % 85 7.36 7.50 0.50 6.8 —0.70 0.48 0.93#5#%
Micronaire 85 3.8 3.8 0.35 9.2 —0.10 0.37 0.98 ™
L(hvi), mm 85 28.3 28.2 0.64 2.8 —0.49 0.20 0.97 ™
Uniformity, % 85 82.1 82.0 14 1.7 —0.12 —0.82 0.97 ™
Strength (hvi), kKN m kg™! 85 279.7 280.6 13.50 4.8 —0.06 —0.53 0.99 ™
Elongation (hvi), % 85 6.3 6.3 0.25 4.0 —0.45 0.95 0.95%*
Rd 85 76.9 76.9 1.73 2.3 —0.14 -0.29 0.98 ™
+b 85 8.83 8.80 0.61 6.9 0.43 1.97 0.97*

* Significant at the 0.05 level.
** Significant at the 0.01 level.
*##* Significant at the 0.001 level.

T L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by number; D(n), diameter
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation; Rd, reflectance; +b, yellowness.

+ Shapiro-Wilkes statistic (W) for normal distribution. Significant W indicates that data is not normally distributed.
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Table 4. Univariate statistics for fiber properties for 1997 cotton field experiment, Florence, SC.

Fiber propertyy n Mean Median SD Cv Skew Kurtosis Norm.}
Yield, kg ha™! 101 714.6 734.3 307.1 43.0 0.29 0.31 0.98 ™
L(w), mm 101 23.8 23.9 0.76 3.2 0.13 —0.31 0.98 ™
SFC(w), % 101 7.8 7.8 0.88 11.3 0.22 0.04 0.99 ™
L(n), mm 101 20.1 20.1 0.69 3.4 0.21 —0.51 0.97*
SFC(n), % 101 20.9 21.1 1.7 7.9 0.11 0.27 0.99 ™
D(n), pm 101 13.5 13.6 0.59 4.3 0.39 —0.07 0.98 ™
Theta 101 0.48 0.48 0.03 7.2 0.26 —0.33 0.98 ™
IFF, % 101 12.8 129 2.6 20.2 0.10 —0.30 0.99 ™
A(n), pm?* 101 110.6 110.0 7.8 7.0 0.39 0.18 0.99 ™
FFF, % 101 15.5 15.6 33 21.0 0.22 —0.11 0.99 ™
MicronAFIS 101 4.1 4.0 0.54 13.2 0.36 —0.03 0.99 ™
Perimeter, pm 101 53.9 53.8 0.90 1.7 0.35 —0.31 0.99 ™
Strength (stlmtr), kN m kg™! 79 222.6 220.7 11.74 53 0.27 —0.17 0.98 ™
Elongation (stlmtr), % 79 6.71 6.70 0.15 2.2 0.27 0.16 0.95%*
Micronaire 79 3.95 3.90 0.40 10.1 0.25 —0.35 0.98 ™
L(hvi), mm 79 28.5 28.7 0.93 33 —0.41 —0.43 0.96*
Uniformity, % 79 83.3 83.4 1.2 1.4 -1.0 2.0 0,93+
Strength (hvi), kKN m kg™! 79 291.0 292.3 15.26 52 0.004 0.89 0.98 ™
Elongation (hvi), % 79 6.6 6.6 0.35 53 -1.15 2.50 0,927
Rd 79 76.5 76.5 1.61 21 —0.37 2.39 0.96*
+b 79 9.6 9.6 0.59 6.1 0.23 0.08 0.98 ™

* Significant at the 0.05 level.
** Significant at the 0.01 level.
*#* Significant at the 0.001 level.

F L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by ber; D(n), di t
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation; Rd, reflectance; +b, yellowness.

+ Shapiro-Wilkes statistic (W) for normal distribution. Significant W indicates that data is not normally distributed.

from 1.4% for fiber uniformity to 21% for FFF
(Table 4). It should be noted that the fiber properties
with the highest variability were identical to those noted
in the 1996 growing season. Fine-fiber fraction, IFF,
micronAFIS, SFC(w), and micronaire again exhibited
the highest variability, with coefficients of 21.0, 20.2,
13.2, 11.3, and 10.1%, respectively. These fiber proper-
ties are all strongly influenced by environmental varia-
tions and may benefit from site-specific management
techniques.

Spatial Variability

The yield and fiber properties variogram analyses
from the 1996 and 1997 growing season are presented
in Tables 5 and 6, respectively, and in Fig. 2. In contrast
to the soil property data, several of the fiber properties
did not exhibit any spatial correlation. In many cases,
the variograms exhibited a pure nugget effect, indicating
that the variability was not affected by distance (Fig. 2d).
In 1996, these properties included cotton yield, SFC(w),
SFC(n), strength and elongation by stelometer and HVI,

Table 5. Cotton fiber semivariance parameters for 1996 cotton field experiment, Florence, SC.

Property¥ Pretreat: Maxlag§ Modelq Sill Range Nugget r
m m
Yield, kg ha™! NSC - - - - - -
L(w), mm ND 100 S 0.252 39.00 0.221 0.862
SFC(w), % NSC - - - - - -
L(n), mm ND 100 S 0.2028 51.9 0.1908 0.769
SFC(n), % NSC - - - - - -
D(n), pm D 50 S 0.3452 26.9 0.1526 0.982
Theta D 50 S 0.00044 15.1 0.00008 0.771
IFF, % D 50 S 3.821 13.5 0.753 0.720
A(n), pm? D 50 S 40.16 24.3 14.54 0.975
FFF, % D 50 S 11.73 24.3 5.86 0.976
MicronAFIS D 50 S 0.1324 19.0 0.0252 0.909
Perimeter, pm D 50 E 0.823 6.4 0.232 0.922
Strength (stlmtr), kN m kg! NSC - - - - - -
Elongation (stlmtr), % NSC - - - - - -
Micronaire ND 100 S 0.1266 13.6 0.0218 0.500
L(hvi), mm ND 100 S 0.00107 40.2 0.00053 0.830
Uniformity, % NSC - - - - - -
Strength (hvi), kKN m kg! NSC - - - - - -
Elongation (hvi), % NSC - - - - - -
Rd NSC - - - - - -
+b NSC - - - - - -

T L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by ber; D(n), di t
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation; Rd, reflectance; +b, yellowness.

i Data set pretreatment: D = data set detrended by fitting plane surface, subtracting trend, and performing variogram analysis on residuals; ND = not

detrended; NSC = not spatially correlated.
§ Maximum lag distance used in variogram fitting.

1l Proposed theoretical variogram model: E = exponential; S = spherical.
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Table 6. Cotton fiber semivariance parameters for 1997 cotton field experiment, Florence, SC.

Propertyt Pretreats Maxlag§ Model| Sill Range Nugget r
m m
Yield, kg ha™! ND 50 S 99 000 24.1 41900 0.887
L(w), mm NSC - - - - - -
SFC(w), % NSC - - - - - -
L(n), mm NSC - - - - - -
SFC(n), % NSC - - - - - -
D(n), pm ND 50 S 0.3698 18.3 0.1224 0.978
Theta ND 50 S 0.00125 313 0.00028 0.996
IFF, % ND 100 S 7.057 28.1 2.28 0.947
A(n), pm? ND 100 S 63.20 22.6 13.2 0.798
FFF, % ND 50 S 11.22 18.4 3.76 0.913
MicronAFIS ND 50 S 0.3144 29.8 0.0677 0.977
Perimeter, pm ND 100 E 0.8160 6.2 0.234 0.737
Strength (stlmtr), kN m kg™! ND 100 S 114.3 20.4 27.5 0.822
Elongation (stlmtr), % NS - - - - - -
Micronaire ND 50 S 0.1632 12.6 0.0311 0.549
L(hvi), mm ND 50 E 0.00135 5.4 0.00036 0.651
Uniformity, % NSC - - - - - -
Strength (hvi), kKN m kg™ NSC - - - - - -
Elongation (hvi), % ND 100 S 0.1422 86.6 0.0706 0.835
Rd ND 100 E 2.746 10.6 0.599 0.636
+b D 100 E 0.2202 6.4 0.0626 0.523

T L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by number; D(n), diameter
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation; Rd, reflectance; +b, yellowness.

i Data set pretreatment: D = data set detrended by fitting plane surface, subtracting trend, and performing variogram analysis on residuals; ND = not
detrended; NSC = not spatially correlated.

§ Maximum lag distance used in variogram fitting.

1l Proposed theoretical variogram model: E = exponential; S = spherical.

fiber uniformity, Rd, and fiber +b. In the 1997 season, by relatively small responses to the growth environment.
these included L(w), L(n), SFC(w), SFC(n), elongation It should be noted that variability in these fiber proper-
by stelometer, fiber uniformity, and strength by HVIL. ties that occurred at a distance less than the 7.5-m sam-
This is not surprising as many of these fiber length pling interval would not be captured in the analysis.
properties have a strong genetic link that is modulated However, the remaining fiber properties, which are re-
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Fig. 2. Variograms for (a) fiber diameter (jum) in 1996, (b) fiber yield (kg ha™?') in 1997, (¢) fiber micronAFIS in 1997, and (d) fiber elongation
(%) in 1997.
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lated to fiber maturity, and therefore more strongly
influenced by the growth environment, were spatially
correlated. As with the soil properties, a spatial trend
was observed in some fiber properties, leading to de-
trending before variogram analysis. In 1996, this in-
cluded diameter by number, theta, IFF, cross-sectional
area by number, FFF, micronAFIS, and perimeter. In
1997, only fiber +b required detrending. The majority
of the variograms were described with the spherical
model in both years, with the exponential model being
utilized for the remaining cases.

In the 1996 growing season, fiber length as deter-
mined by the AFIS method, i.e., L(n) and L(w), and as
determined by the HVI method, L(hvi), were all found
to be spatially correlated. The ranges of spatial correla-
tion for these properties were similar: values of 39 m
for L(w) and L(hvi) and 51.9 m for L(n) (Table 5).
Micronaire, which is an unitless index of fiber fineness
and maturity obtained from HVI analyses, had a range
of spatial correlation of approximately 14 m in 1996
(Table 5). MicronAFIS, which is the AFIS analog to
micronaire, had a slightly larger range of 19 m for the
1996 season (Table 5). The remaining fiber properties
exhibiting spatial correlation in the 1996 season are all
AFIS maturity and shape indices. It is interesting to note
that these properties appeared to have similar spatial
tendencies, all requiring detrending and all with a maxi-
mum lag distance of 50 m. The AFIS maturity properties
include theta, IFF, FFF, and micronAFIS. The range of
spatial correlation for these properties varied from
13.5 m for IFF to 24 m for FFF (Table 5). The AFIS
shape properties, diameter by number and cross-sec-
tional area by number, had similar ranges of 27 and
24 m, respectively. Finally, fiber perimeter, although
spatially correlated, had a relatively small range of 6 m.
The variogram for fiber perimeter was also the only case
in which the exponential model was employed (Table 5).

During the 1997 growing season, a slightly different
picture of fiber property spatial variability was obtained.
Cotton yield was spatially correlated with a range of
24 m (Table 6). Fiber length, as determined by the AFIS
procedure, did not exhibit spatial correlation, and L(hvi)
was only weakly correlated, with a range of 5 m (Table
6). The range for micronaire (13 m) was similar to that
found in 1996, and the micronAFIS range (30 m) was
slightly larger. The AFIS maturity and shape properties
were all spatially correlated. The ranges for theta and
IFF doubled in 1997 compared with 1996, and the FFF
range decreased (Table 6). The ranges for fiber area
and diameter both decreased in 1997, compared with
1996, and the perimeter ranges in the two years were
approximately the same. Several additional fiber prop-
erties exhibited spatial correlation in 1997 compared
with 1996. Fiber strength, as estimated by the stelometer
method, had a range of 20 m, and elongation percentage
from the HVI analyses had the longest range observed
with 87 m (Table 6). Finally, the HVI color indices of
Rd and +b were both spatially correlated, with ranges
of 11 and 6 m, respectively. Although differences in
the spatial variability of the fiber properties did occur

between the two years, several trends are apparent in
the data.

Fiber micronaire exhibited spatial correlation in both
years, with a range of 13 to 14 m. While this range is
considerably smaller than ranges observed for some of
the other fiber properties, it still represents a significant
distance in the field, and it would be sufficient to enable
precision management techniques. When the micron-
aire values are outside the band from 3.5 to 4.9, a mone-
tary penalty is assessed to the producer. Thus, precision
management of micronaire may be economically expe-
dient. Both the AFIS shape and maturity properties
were spatially correlated in both years. Although the
ranges varied slightly between years, similarities were
apparent.

Relation between Soil and Fiber Variability
Correlation Analysis

Results from the correlation analysis between soil and
fiber properties from the combined 2-yr data set are
presented in Table 7. Soil texture was not included in
this table because it was only analyzed in the 1996 sam-
ples. Fiber yield was significantly correlated to soil P,
organic matter, pH, CEC, K, and Na. The negative cor-
relation to P and organic matter is related to the increase
in these properties in the Carolina bay present in the
field. This part of the field was subject to flooding during
periods of high rainfall, resulting in significant decreases
in yield. The soil pH was also lower in this region,
accounting for the significant positive correlation. The
strongest observed linear relationship with fiber length
was with soil moisture, with the negative correlation
indicating that shorter fibers will occur in the wetter
parts of the field. Significant positive correlations were
also observed with Ca and Mg. Diameter was best de-
scribed by soil pH, P, and organic matter. Theta, IFF,
cross-sectional area by number, FFF, and micronAFIS
are all related to fiber maturity and exhibited similar
responses to soil variation. The strongest relationship
with these properties appears to be soil pH, followed
by soil P and organic matter. Soil moisture and soil Mg
also influenced these properties but to a lesser extent.
Fiber properties determined by the HVI method include
micronaire, length, uniformity, strength, elongation per-
centage, Rd, and +b. These properties were most
strongly correlated with soil moisture and soil P, but
significant correlations were also observed with soil pH
and organic matter. Fiber +b responded somewhat dif-
ferently, with significant correlations with soil Ca, Mg,
and CEC. Fiber Rd was also correlated with soil Na
and K. Fiber properties determined by the stelometer
method included strength(s) and elongation(s). Both of
these properties were strongly correlated (r = 0.70 and
r = 0.56, respectively, both significant at the 0.001 level)
with soil moisture and, to a lesser extent, with soil pH
and organic matter. This effect is somewhat puzzling
because negative correlations were obtained for the
HVI estimates of strength and elongation. These com-
bined observations suggest that fiber yield and quality
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Table 7. Pearson’s correlation coefficients between soil and fiber properties for combined (1996 and 1997) data set.

Fiber propertyf Moist. P Na K Ca Mg pH OM: CEC§
Yield, kg ha™* ns —0.51% —0.14* —0.17* ns ns 0.46%* —0.50%%* —0.18*
L(w), mm —0.2] %% —0.21%* ns ns 0,23 0.25%% 0.23%* —0.17* ns
SFC(w), % 0.40% ns ns —0.18%* — 0,28k — .23k ns ns —0.26%*
L(n), mm — 0,32k ns ns 0.16* 0,27 0,27+ ns ns 0.17*
SFC(n), % 0.407%** ns ns —0.20%* —0.26°% % —0.21%* ns ns — 0.3k
D(n), pm —0.14* 0.36%+* ns ns —0.16* —0.28%k% —0.40°%** 0,323 ns
Theta —0.19%* (.35 ns ns ns —0.15% —0.40%* 0,27 ns
IFF, % 0.23%% —0.36%* ns ns ns 0.15% 0.48 — 0,30k ns
A(n), pm? —0.17* 0.40%# ns ns —0.15% — .25k — 0.5k 0,334 ns
FFF, % (.28 —0.31%%% ns ns ns 0.20%* 0.45%%* — .25k ns
MicronAFIS —0.18* (.39 ns ns ns —0.20%* L) 0.3+ ns
Perimeter, pum ns 0.14* ns ns ns —0.22%% —0.17* 0.15% ns
Strength (stlmtr), KN m kg! 0.70%%* ns ns ns ns ns 0,275 ns — .27k
Elongation (stlmtr), % 0.56%** —0.22%% ns ns ns ns 0.27%%* —0.18* — .34
Micronaire ns (.22 ns ns ns ns —0.26%** 0.16* ns
L(hvi), mm —0.21%* — .34k ns ns ns 0.227%* 0,27 —0.24%* ns
Uniformity, % —0.39%kk ns ns ns ns ns ns ns 0,23
Strength (hvi), KN m kg! —0.36%%* —0.19* ns ns 0.15* ns ns —0.16* 0.18*
Elongation (hvi), % —0.447#%% —0.21%* ns ns 0.20%* 0.16* ns —0.18* 0.27%%
Rd 0.21%* 0.37%% 0.19* 0.3 %% ns ns —0.26%%* 0.42%%% ns
+b —0.5] % — 0.2k ns ns 0.25% 0.18* ns —0.21%* 0.26%**

* Significant at the 0.05 level.

** Significant at the 0.01 level.

*#* Significant at the 0.001 level.

F L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by ber; D(n), di t
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation; Rd, reflectance; +b, yellowness.

+ OM, organic matter

§ CEC, cation exchange capacity.

were lower in the Carolina bay portion of the field where high loadings were obtained for soil K, Ca, Mg, and
the soil moisture was greater and pH lower. It is possible CEC. Solil silt content was also associated with this fac-
that landscape position would provide an additional in- tor. A similar factor was described by Brejda (1998).
dex of fiber yield and quality; however, these data were The third factor was found to be associated with soil
not available in this study. This effect may be addressed Na, and the fourth factor, which was necessary in 1996,

in future experiments. was associated with soil moisture. An attempt was made

to relate the extracted factor scores to fiber yield and
quality through multiple regression analysis. This was
Principle-component factor analysis was used in an unsuccessful and resulted in poor descriptions of both
attempt to group soil properties into common factors yield and quality parameters.
that could then be related to fiber properties. The soil
properties from the 1996 and 1997 data sets were ana-
lyzed separately. Communalities estimate the portion
of the variance in each model that was explained by the
factor model (Brejda, 1998). The four factor models

Factor Analysis

Table 8. Rotated factor loadings and communalities for soil prop-
erties for 1996 and 1997 cotton field experiment, Florence, SC.

Factor loadings, 1996

used in 1996 explained =90% of the variance for soil Property 1 2 3 4  Communalities
P, Na, Mg, organic matter, sand, and clay content 1996
(Table 8). The model explained =80% of the variance Soil moisture, % 032 024 -006 0.2 0.84
. . . . -1
for soil moisture content, K, Ca, and soil pH. The vari- P, mg kg™ 096 —001 015 0.5 0.96
. . : Na, mg kg ! 014 023 093 —0.04 0.95
ance explalneq for soil CEC and 51l't content was less K, mg kg ! 024 091 —003 009 0.89
satisfactory, with 66 and 52% explained, respectively. Ca, mg kg’j1 -0.08 087 016 022 0.84
In 1997, a three-factor model was used to explain the g’fﬁl’ ;‘é kg :3';{1; g"l;g g'ﬁ g'éz g'gé
variance in soil properties. The model explained =90% Organic matter, % 092 012 014 0.6 0.90
of the variance for soil P, soil Na, soil Mg, soil organic CECf, cmol, kg™ 042 0.60 —0.07 032 0.66
tter, and CEC. The model also explained =80% of Sand, % S0o1 038 008 011 098
matter, . ! S p - =0U0 Silt, % 030 063 018  0.03 0.52
the variance for soil moisture soil Ca and soil pH. The Clay, % 094 022 004 012 0.94
total variance explained for soil K was 78%. 1997
An examination of the factor loadings from the 1996 Soil moisture, % 094 013 0.02 0.89
P - P, mg kg 096 -0.16  0.09 0.95
and 1997 data set show two similar factors. The first Na, mg kg ! 018 036 087 0.92
factor in both years appears to be associated with the K, mg kg ! 015 087 —0.08 0.78
Carolina bay, with high positive loadings from soil P, Ca, mg kg™ —0.09 086 034 0.86
1 . tt 1l tent (1996), and soil Mg, mg kg -030 086 029 0.92
soil organic matter, soil clay content (1996), and soi Soil pH 082 042 010 0.86
moisture (1997) and high negative loadings with soil Organic matter, % 097  0.05  0.14 0.97
pH and sand (1996). The second factor, in both years, CEC,emol. kg™!  —011 094 029 0.97

appears to be associated with exchangeable bases as  CEC, cation exchange capacity.
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Fig. 3. Kriged contour plots of (a) cotton fiber yield (kg ha ') in 1997,
(b) cotton micronAFIS in 1997, and (c) soil pH in 1997.

Soil and Fiber Maps

Selected soil, yield, and fiber property contour maps
are presented in Fig. 3 and 4. The spatial distribution
of soil pH, cotton yield, and cotton micronAFIS in 1997
are illustrated in Fig. 3. The Carolina bay present in the
left of both maps contains the lowest soil pH and the
lowest yield. The maps for soil CEC, clay content, and
fiber length in 1996 are presented in Fig. 4. Additional
fiber and soil maps could be useful in further study
of the spatial relation between fiber quality and soil
variability and, in the future, might be used to direct
variable application systems.

Influence of Carolina Bay on Soil
and Fiber Properties

Soil Properties

It is clear that the Carolina bay present in the experi-
mental site represents a substantially different environ-
ment from that of the surrounding soils. In a closer
investigation of the variations in the soil environment,
all sample grid points were categorized as to their posi-
tion, within or outside of the Carolina bay, for both
years. The boundary of the Carolina bay was estimated
by examining the kriged maps for soil organic matter
and soil P for both years and comparing this to a map

Fig. 4. Kriged contour plots of (a) soil cation exchange capacity (cmol.
kg™") in 1996, (b) soil clay content in 1996, and (c) cotton fiber
length by weight (mm) in 1996.

of the grid sampling points. The difference between
these locations was then tested for significance by the
Wilcoxon test, which evaluates sample medians, due
to the unequal number of samples for each location
(Table 9).

For the 1996 samples, significant differences were
noted within and outside of the Carolina bay for all soil
properties, with the exceptions of soil Ca, Mg, and clay
content. Higher levels of soil P, Na, K, organic matter,
and silt were found in the bay. In addition, soil moisture
and CEC were greater within the bay. The soil pH and
sand content were significantly lower (Table 9). In the
1997 samples, Ca, K, and CEC were not significantly
different. The remaining soil properties, with the excep-
tion of soil pH, were at higher levels within the bay,
compared with the soil outside.

Fiber Properties

In both the 1996 and 1997 growing seasons, cotton
yields were significantly lower within the bay (Table 10).
Significant differences were also found between the
samples within and outside the bay for all AFIS fiber
properties, with the exception of L(w) or L(n) in 1996.
In the 1997 AFIS data, L(w), L(n), SFC(w), SFC(n),
FFF, and perimeter were not significantly different for
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Table 9. Influence of Carolina bay on soil properties for 1996 and 1997 cotton field experiment, Florence, SC.

1315

1996 1997
Bay meant Mean out: Bay mean Mean out
Property (median) (median) Diff.§ (median) (median) Diff.
Soil moisture, % 21.1 (20.7) 18.8 (18.3) <0.0001 10.8 (10.4) 8.02 (7.94) <0.0001
P, mg kg™! 279.6 (269.7) 80.9 (80.0) <0.0001 284.5 (279.2) 82.7 (78.7) <0.0001
Na, mg kg™* 6.5 (6.9) 5.54 (5.48) 0.0055 6.93 (6.59) 5.91 (5.50) 0.0062
K, mg kg™! 152.8 (152.1) 136.5 (125.1) 0.0308 139.1 (140.0) 149.4 (141.1) 0.6495
Ca, mg kg™! 221.2 (217.9) 214.8 (195.7) 0.4344 247.8 (239.3) 253.7 (251.1) 0.4840
Mg, mg kg™! 47.5 (46.0) 50.7 (46.5) 0.7248 52.2 (46.4) 58.9 (53.2) 0.0667
Soil pH 4.78 (4.70) 5.48 (5.50) <0.0001 4.54 (4.35) 5.30 (5.25) <0.0001
Organic matter, % 1.36 (1.40) 0.54 (0.52) <0.0001 1.32 (1.37) 0.49 (0.49) <0.0001
CECY[, cmol, kg™! 1.78 (1.75) 1.47 (1.29) 0.0025 2.03 (2.00) 2.16 (2.05) 0.4831
Sand, % 57.4 (57.8) 80.9 (81.3) <0.0001 - - -
Silt, % 36.6 (36.9) 14.3 (14.0) <0.0001 - - -
Clay, % 5.95 (6.00) 4.74 (4.00) 0.1445 - - -
¥ Mean for Carolina bay (n = 40, 1996 and 1997).
i Mean excluding Carolina bay (n = 62, 1996 and 1997).
§ Test for difference between samples within and outside bay by Wilcoxon Two-Sample Test (¢ approximation, two-sided, P > Izl).
1l CEC, cation exchange capacity.
Table 10. Influence of Carolina bay on fiber properties for 1996 and 1997 cotton field experiment, Florence, SC.
1996 1997
Bay meani Mean out§ Bay mean Mean out
Property (median) (median) Diff.q (median) (median) Diff.
Yield, kg ha™! 478 (483) 1093 (1091) <0.0001 607 (538) 785 (807) 0.0088
L(w), mm 0.92 (0.92) 0.93 (0.93) 0.1227 0.93 (0.93) 0.94 (0.94) 0.0983
SFC(w), % 8.43 (8.30) 9.11 (9.20) 0.0007 7.95 (7.95) 7.65 (7.60) 0.0885
L(n), mm 0.78 (0.78) 0.77 (0.77) 0.2342 0.79 (0.79) 0.80 (0.79) 0.0784
SFC(n), % 21.9 (21.9) 23.7 (23.8) <0.0001 21.3 (21.4) 20.7 (20.8) 0.0546
D(n), pm 13.6 (13.6) 13.1 (13.2) 0.0002 13.8 (13.7) 13.4 (13.5) 0.0168
Theta 0.47 (0.48) 0.46 (0.46) 0.0003 0.49 (0.49) 0.47 (0.47) 0.0048
IFF, % 13.4 (12.9) 15.2 (15.1) <0.0001 11.9 (11.9) 13.3 (13.1) 0.0137
A(n), pm?* 110.2 (110.1) 104.6 (104.8) <0.0001 113.6 (113.3) 108.7 (108.7) 0.0087
FFF, % 16.7 (15.6) 19.1 (18.8) 0.0002 14.7 (14.6) 16.0 (15.6) 0.0856
MicronAFIS 3.99 (4.04) 3.66 (3.67) <0.0001 4.26 (4.26) 3.92 (3.92) 0.0043
Perimeter, pm 54.1 (54.2) 53.7 (53.8) 0.0341 53.9 (53.9) 53.8 (53.7) 0.4509
Strength (stlmtr), kN m kg™! 26.0 (26.2) 26.1 (26.1) 0.6919 22.4 (22.3) 22.8 (22.9) 0.1244
Elongation (stlmtr), % 7.29 (7.50) 7.40 (7.50) 0.3563 6.64 (6.60) 6.74 (6.70) 0.0075
Micronaire 3.90 (3.90) 3.77 (3.80) 0.1257 4.10 (4.00) 3.87 (3.90) 0.0383
L(hvi), mm 1.09 (1.10) 1.12 (1.12) 0.0001 1.12 (1.13) 1.13 (1.13) 0.2183
Uniformity, % 82.1 (81.9) 82.1 (82.2) 0.9963 82.3 (83.3) 83.5 (83.6) 0.0757
Strength (hvi), KN m kg™! 28.4 (28.8) 28.5 (28.4) 0.9814 29.1 (29.3) 29.4 (30.1) 0.0709
Elongation (hvi), % 6.28 (6.30) 6.26 (6.30) 0.9623 6.47 (6.50) 6.63 (6.60) 0.0674
Reflectance, Rd 78.2 (78.6) 76.3 (76.6) <0.0001 76.8 (77.0) 76.4 (76.4) 0.0519
Yellowness, +b 8.80 (8.85) 8.85 (8.80) 0.7472 9.21 (9.15) 9.77 (9.80) <0.0001

T L(w), fiber length by weight; SFC(w), short fiber content by weight; L(n), fiber length by number; SFC(n), short fiber content by number; D(n), diameter
by number; IFF, immature fiber fraction; A(n), fiber cross-sectional area by number; FFF, fine-fiber fraction; stimtr, stelometer; L(hvi), fiber length as
determined by high-volume instrumentation; hvi, high-volume instrumentation.

i Mean for Carolina bay [n = 38, 28 for Advanced Fiber Information System (AFIS), high-volume instrumentation (HVI) 1996; n = 40, 28 for AFIS,

HVI, 1997].

§ Mean excluding Carolina bay (n = 62, 57 for AFIS, HVI 1996; n = 61, 51 for AFIS, HVI, 1997).
1l Test for difference between samples within and outside bay by Wilcoxon Two-Sample Test (¢ approximation, two-sided, P > Izl).

samples from within and outside the bay. The higher
levels of micron AFIS, diameter, and area are of particu-
lar interest, however. Fiber strength (by stelometer or
HVI) was not different in 1996 and 1997, and elongation
percentage was significantly different only as measured
by stelometer in the 1997 growing season. Micronaire
was found to be significantly higher in the bay in 1997
but not in 1996 (although a similar trend was apparent).
Finally, fiber Rd was significantly higher within the bay
in both years, and fiber +b was lower (significantly so
in 1997). Taken collectively, these data indicate that the
fiber from the Carolina bay was more mature (higher
micronAFIS and micronaire and lower IFF) but shorter
and thicker (lower length and higher diameter and
area). The fiber was also whiter (higher Rd) and tended
to be less yellow (lower +b). These differences in soil
and fiber properties would suggest that separate soil

and fiber management strategy should be employed to
manage cotton grown in fields containing Carolina bay
formations. It is possible that fertility requirements
within the Carolina bay may not be as high as those
areas outside of the bay. Variable rate fertilizer appli-
cation may offer an attractive alternative in these situa-
tions. It is also possible that selective harvest and segre-
gation of the fiber within the Carolina bay may maximize
the fiber quality and return from the crop.

SUMMARY AND CONCLUSIONS

Variations in cotton fiber yield and quality were stud-
ied in a production environment in South Carolina. The
majority of the soil properties measured exhibited
skewed distributions with slight, but significant, kurtosis
values. All soil properties were not normally distributed.
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The CVs ranged from approximately 10% for soil pH
to almost 75% for soil P in both years of the study.
Fiber yield samples exhibited only slight skewness and
kurtosis and possessed normal distributions; however,
variability was considerable, with CVs of 42 and 53%
for 1996 and 1997, respectively. The majority of fiber
quality properties were normally distributed, with small
skewness and kurtosis values. Exceptions were noted
for elongation by stelometer and HVI in both years,
FFF and +b in 1996, and L(n), L(hvi), uniformity, and
Rdin 1997. The AFIS maturity index FFF had the great-
est coefficient of variability in both 1996 and 1997 (20.1
and 21%, respectively). The other AFIS maturity indi-
ces and HVI micronaire also exhibited substantial vari-
ability.

All soil properties investigated displayed spatial cor-
relation, with the exception of soil moisture in 1996.
The range of spatial correlation varied from 33 to 99
m. The soil properties with the greatest range included
soil pH, Na, P, and organic matter. Soil Ca, Mg, and
K exhibited the least variability. Fiber yield displayed
spatial correlation in 1997 only. Fiber properties that
consistently displayed spatial correlation included the
AFIS maturity and shape properties, fiber micronaire,
and fiber length.

Correlation analysis was performed in further investi-
gations of the relation between soil and fiber properties.
Soil pH, soil P, and soil organic matter were all found
to be correlated with fiber yield and with a number
of fiber properties, including AFIS shape and maturity
indices, micronaire, length, and HVI color indices. Fur-
ther research is necessary to determine the influence of
landscape position. Factor analysis of soil properties
identified four factors in 1996 and three in 1997. In both
years, a Carolina bay factor and an exchangeable bases
factor were obtained; however, these factors were not
successfully related to fiber yield and quality. Finally,
significant differences were observed among soil, fiber
yield, and fiber quality properties sampled from within
and outside of the Carolina bay formation.

It is clear from our results that there is a relation,
spatial and nonspatial, between soil and fiber variation
from the South Carolina Coastal Plain site that was
studied. The degree of variability observed suggests that
precision agriculture techniques could provide effective
management strategies for maximizing fiber yield and
quality. Possible techniques would include variable-rate
fertilizer application and selective harvest. Influences
of soil properties and soil type on fiber quality should be

considered when developing a cotton soil management
plan, particularly when a Carolina bay or similar land-
form is present in the production field. Research cur-
rently underway is investigating further implications of
these relations.

REFERENCES

Brejda, J.J. 1998. Factor analysis of nutrient distributions patterns
under shrub live-oak in two contrasting soils. Soil Sci. Soc. Am.
J. 62:805-809.

Elms, M.K., C.J. Green, and D.R. Green. 1997. Spatial variability of
yield in irrigated cotton. p. 598-601. /n Proc. Beltwide Cotton
Conf., New Orleans, LA. 6-10 Jan. 1997. Natl. Cotton Counc., and
the Cotton Foundation, Memphis, TN.

Goovaerts, P. 1997. Geostatistics for natural resources evaluation.
Oxford Univ. Press, Oxford.

Isaaks, E.H., and R.M. Srivastava. 1989. An introduction to applied
geostatistics. Oxford Univ. Press, Oxford.

Johnson, R.M., J.M. Bradow, P.J. Bauer, and E.J. Sadler. 1999. Influ-
ence of soil spatial variability on cotton fiber quality. p. 1319-1320.
In Proc. Beltwide Cotton Conf., Orlando, FL. 3-7 Jan. 1999. Natl.
Cotton Counc., and the Cotton Foundation, Memphis, TN.

Kitanidis, P.K. 1997. Introduction to geostatistics: Applications in
hydrogeology. Cambridge Univ. Press, Cambridge.

Miller, W.P., and D.M. Miller. 1987. A micro-pipette method for soil
mechanical analysis. Commun. Soil. Sci. Plant Anal. 18:1-15.

Nelson, D.W., and L.E. Sommers. 1982. Total carbon, organic carbon
and organic matter. p. 539-577. In Methods of soil analysis. Part
2. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

Olson, K. 1998. Precision agriculture: Current economic and environ-
mental issues. Joint Conf. on Food, Agric., and the Environ., 6th,
Minneapolis, MN. 31 Aug.-2 Sept. 1998. Dep. of Appl. Econ.,
Univ. of Minnesota, St. Paul.

Robert, P.C., R.H. Rust, and W.E. Larson (ed.) 1995. Site-specific
management for agricultural systems. ASA, CSSA, and SSSA,
Madison, WI.

Robert, P.C.,R.H. Rust,and W.E. Larson (ed.) 1996. Precision agricul-
ture. ASA, CSSA, and SSSA, Madison, WL

Robertson, G.P. 1998. GS*: Geostatistics for the environmental sci-
ences. Gamma Design Software, Plainwell, MI.

Sadler, E.J., W.J. Busscher, P.J. Bauer, and D.L. Karlen. 1998. Spatial
scale requirements for precision farming: A case study in the south-
eastern USA. Agron. J. 90:191-197.

Sadler, E.J., W.J. Busscher, and D.L. Karlen. 1995. Site-specific yield
histories on a SE coastal plain field. p. 153-166. In P.C. Robert et
al. (ed.) Site-specific management for agricultural systems. ASA,
CSSA, and SSSA, Madison, WI.

Steel, R.G.D., and J.H. Torrie. 1980. Principles and procedures of
statistics: A biometrical approach. 2nd ed. McGraw-Hill Book Co.,
New York.

Valco, T.D., R.L. Nichols, and W.F. Lalor. 1998. Adopting precision
farming technology for cotton nutrition. p. 627-629. In Proc. Belt-
wide Cotton Conf., San Diego, CA. 5-9 Jan. 1998. Natl. Cotton
Counc., and the Cotton Foundation, Memphis, TN.

Wilkerson, J.B., and W.E. Hart. 1996. Yield sensing technology in
cotton harvesting applications. p. 184-186. In Proc. Beltwide Cotton
Conf., Nashville, TN. 9-12 1996. Natl. Cotton Counc., and the
Cotton Foundation, Memphis, TN.



